was isolated for the first time from a natural source, along with a series of known spongiane diterpenoids (2-11) and sesquiterpene (12) from two unidentified species belonging to the genus Spongia. The effects of 1, 4, 5, 8-12 on biosynthesis of nucleic acids and embryonic development of the sea urchin Strongylocentrotus intermedius have been studied. All the compounds inhibit sea urchin embryo development at concentration of 20  g/mL and above and DNA biosynthesis at the dose of 10  g/mL. The inhibitory effect of diterpenoids at least partly may be explained by the inhibition of thymidine kinase activity.
Marine sponges of the genus Spongia (family Spongiidae, order Dictyoceratida) are a source of various metabolites including spongian diterpenoids [1a,1b] . These diterpenoids show a wide variety of biological activities, for example influence on some DNA biosynthesis enzymes [1c] . In addition, these compounds attract attention of researchers as chemotaxonomic markers [1a] forasmuch as identification dictyoceratid sponges to the genus and species level is complex problem. The simultaneous comparison of morphological and chemical characteristics of similar-looking species is very useful for sponge identification.
Herein we report the chemical composition of two different sponge species belonging to the genus Spongia. These species were not fully classified, but differ in essential morphological features (see experimental). The ethanol-chloroform extract of Spongia sp.I contains appreciable amount of spongian diterpenes. The 19norspongia-13(16),14-dien-3-one (1) and nine previously known spongian diterpenes, namely 3,18-methylene-2acetoxyspongia-13(16),14-diene (2) [2], spongia-13(16),14-dien-3-one (4) [3] , 3-acetoxyspongia-13(16),14-diene (5) [2] , 3-acetoxyspongia-13(16),14diene (6) [2] , 19-acetoxyspongia-13(16),14-diene (7) [2] , 19-acetoxyspongia-13(16),14-dien-3-one (8) [2] , 3,19diacetoxyspongia-13(16),14-diene (9) [2], 19hydroxyspongia-13(16),14-dien-3-one (10) [ (Table 1) have 19 signals of carbon atom (3 CH 3 , 6 CH 2 , 5 CH, 5 C) that agreed with tetracyclic diterpenoid structure with loss of one methyl group. These spectra exhibited typical signals of disubstituted The sea urchin embryos are widely used for the screening of bioactive compounds. We have studied the effect of spongian diterpenoids on the embryo development and the nucleic acid biosynthesis of the sea urchin Strongylocentrotus intermedius embryos. As it was previously shown, intensive and synchronous DNA synthesis takes place at early stages of differentiation and development of the sea urchin embryos [7] . The rate of DNA biosynthesis in the embryonic cells correlates with the high levels of DNA-polymerases activity [8a] as well as the activities of other enzymes participating in the biosynthesis of nucleic acid precursors.
The ability of sea urchin embryos to proliferate in sea water without any additives and to simultaneously incorporate exogenous nucleosides into their DNA [8b] is used in pharmacological and toxicological investigation to search for new compounds modulating nucleic acids biosynthesis [8c]. Our studies showed that preincubation of S. intermedius eggs for 30 min with the spongian diterpenes at the concentration of 10 g/mL decreases the percentage of fertilization from 98-100% in the control to 45-80% after the treatment. The preincubation of the sea urchin sperm cells with the spongian diterpenes in similar conditions has not revealed a noticeable effect of these compounds on the fertilization.
The spongian diterpenes at concentration of 20 g/mL have been found to affect the synchronous division of the sea urchin embryos. After 2 hour incubation of the embryos with the spongians some embryos stopped their further development on the stage of 2 or 4 blastomers. If the treatment continued for 12 hours, the embryos at stages from 2 to 8 blastomeres were observed while control embryos reached the blastula stage. The treatment with spongian diterpenes at 20 µg/mL for 24 hours resulted in the loss of fertilization membrane in virtually all embryos and proven to be cytotoxic. However, spongian diterpenes at concentration of 10 µg/mL had no effect on sea urchin embryo development and embryos were developing without visible abnormalities for at least 48 hours.
Next we explored the effect of spongian diterpenes on the nucleic acid biosynthesis in the developing sea urchin embryos. It is known that the incorporation of radioactively labeled thymidine serves as an indicator of the rate of DNA biosynthesis in different cells. Similarly, the incorporation of radioactively labeled uridine allows determining the rate of RNA synthesis, although some other metabolic processes may also require this precursor.
To study the effect of the tested spongian diterpenes on the nucleic acid biosynthesis in the embryos of sea urchin S. intermedius, we incubated them together with embryos during 7 hours after fertilization. Compounds 1, 4, 5, 8-12 at concentration of 10 µg/mL inhibited the incorporation of the radioactively labeled thymidine into sea urchin embryos ( Table 2 and the supplementary data). In the presence of the most active 19-norspongia-13(16),14-dien-3-one (1) and 19-acetoxyspongia-13(16),14-dien-3-one (8), the rate of DNA biosynthesis was decreased in half (55 and 50%, respectively). The relationship between structures and inhibitory potency of the compounds is shown in the supplementary data.
In contrast to the effect on DNA synthesis, compounds 1, 4, 5, 8-12 stimulated RNA synthesis in the developing sea urchin embryos ( Table 2 and supplementary data). The 19-hydroxyspongia-13(16),14-dien-3-one (10) happened to be the most effective compound and doubled the incorporation of uridine. The effect of spongian diterpenes on the rate of incorporation of radioactively labeled thymidine and uridine suggests their ability to modulate DNA and RNA biosynthesis, respectively.
The inhibitory activities of different pharmaceutical agents on DNA biosynthesis often correlate with their action on nucleoside kinases, which catalyze the first step of transformation of nucleosides into nucleoside triphosphates [8d,9] .
To investigate the effect of spongian diterpenes on thymidine kinase activity [10a] we have chosen three compounds: (8) as the most potent inhibitor of DNA biosynthesis, (10) as the most potent stimulator of RNA biosynthesis, and (9), because it revealed the modest activities in the both tests.
Terpenoids from Spongia spp.
Natural Product Communications Vol. 6 (6) 2011 775 119±12  137±14  175±15  130±11  164±15  213±19  108±11 142±13 100 *The time of incubation was 7 hours, concentration of the compounds 1, 4, 5, 8-12 was 10 μg/mL. Figure 1 , all three compounds inhibited thymidine kinase in in vitro assay, with the compound 8 being the most active. These data suggest thymidine kinase to be at least one of the molecular targets for compound 8 and related diterpenoids in sea urchin embryos. Thus, we have found the inhibitory action of new diterpenoid 19-norspongia-13(16),14-dien-3-one (1) and related terpenoids on DNA biosynthesis in sea urchin embryos and showed that their action may be explained by the inhibition of thymidine kinase. These data are in accordance with other reports on some spongian diterpenoids as inhibitors of the activity of DNA biosynthesis enzymes and antiviral agents [1c,10b], although their action on thymidine kinase is reported for the first time.
As shown in

Experimental
General experimental procedures: NMR, Bruker DRX-500 spectrometer; HR EIMS, AMD-604S high-resolution mass spectrometer (Germany); Preparative HPLC was carried out on a Shimadzu 10Avp, detectors RID-10A and UV at 230 nm. Ultrasphere-Si TM (normal phase) and Ultrasphere ODS column (reverse phase) were used. Silica gel (50-160 μm) for column chromatography was obtained from Sorbpolymer, Russia. TLC was performed on Sorbfil plates (Russia) in n-hexane-ethyl acetate, and spots were detected by spraying with sulfuric acid in ethanol (1:4, v/v) with subsequent charring (100°C, 2 min) . The reagents used for bioassays were [ 3 Н]-thymidine (the specific activity 1036 TBq/mol) and [ 3 Н]-uridine (the specific activity 829 TBq/mol) ("Isotope" Russia); GF/C-filters ("Whatman", England). The sterol fractions were isolated and analyzed as described [11] .
Animal material: The sponge Spongia sp.I (subgenus Heterofibria, family Spongiidae, order Dictyoceratida) was collected by SCUBA near Suwarrow atoll (Northern Cook Islands, Pacific ocean) at a depth at 5 m in February 1998 and identified by Dr. V. B. Krasokhin [2] . The sponge has a solid base from which arise upright distinct conical fistules (up to 60 mm high) of varying development. The lower part of some fistules is bulbous and tapering to a 2-3 terminal oscules (6 mm in diameter); however, some fistules have a cylindrical form with a single osculum. The sponge is moderately firm and compressible. The surface is unarmored and finely conulose. The color is pale inside and dull brown on the upper surface. The specimens are 150 mm long х 100 mm high and wide. This sponge has a reticulate skeleton of sparse, cored primary fibers (100 μm in diameter) and homogenous secondary (20 μm) and pseudotertiary (8 μm) fibers, that occur amongst meshes of secondary fiber reticulum. The polygonal fiber network is moderately regular. A voucher specimen (PIBOC O6-102) is on deposit in Pacific Institute of Bioorganic Chemistry, Vladivostok, Russia. The sponge was lyophilized immediately after collection and kept at -18°C. Extraction and isolation: Spongia sp.I. The lyophilized animals (94 g) were extracted with EtOH (3 × 500 mL) and EtOH -CHCl 3 (2:1, v/v) (3 × 500 mL) by refluxing successively. The combined extracts were concentrated in vacuo, dissolved in a minimal volume of aq. EtOH (90%) and then partitioned with n-hexane (3 × 150 mL) and CHCl 3 (3 × 150 mL) in series. The n-hexane and CHCl 3 layers were combined and concentrated in vacuo to obtain yellow amorphous residue, which was separated by lowpressure column chromatography on Si gel using n-hexane with increasing amounts of EtOAc. The fraction eluted with n-hexane/EtOAc (100:1) was concentrated in vacuo and rechromatographed under the same condition to give 12 (3.2 mg) [5a] . Fractions, eluted with n-hexane/EtOAc (90:1) were combined, concentrated in vacuo and 776 Natural Product Communications Vol. 6 (6) 2011
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separated by normal phase HPLC (n-hexane/ EtOAc, 12:1) followed by reverse phase HPLC (MeOH-H 2 O gradient from 95% up to 100% in 20 min) to give compounds 2 (0.2 mg) [2] , 5 (1.9 mg) [2] , 6 (0.7 mg) [2] and 7 (9 mg) [2] . Fraction eluted with n-hexane/EtOAc (45:1) was separated by HPLC (normal phase, n-hexane/ EtOAc, 10:1) to yield 4 (6.7 mg) [3] and subfraction containing 1. This subfraction was purified by HPLC (reverse phase, MeOH-H 2 O gradient from 90% up to 95% in 15 min) to give 1 (2.5 mg). Fraction eluted with n-hexane/EtOAc (17:1) was purified by HPLC (normal phase, n-hexane/ EtOAc, 5:1) to give 8 (62 mg) [2] and 9 (4.8 mg) [2] . The compounds 10 (105 mg) [4a] and 11 (40 mg) [4b] were isolated from the fraction eluted with n-hexane/EtOAc (6:1) after HPLC (normal phase, n-hexane/ EtOAc, 5:2). Spongia sp.II. The frozen specimens (800 g) were cut and extracted with EtOH (3  500 mL), EtOH -CHCl 3 (2:1, v/v) (3  500 mL) and CHCl 3 (3  500 mL) by refluxing successively. The combined extracts were concentrated in vacuo to obtain a dark green viscous liquid, which was separated by low-pressure column chromatography on Si gel using n-hexane with increasing amounts of EtOAc. Fraction eluted with n-hexane after repeated chromatography under the same condition gave 3 (4 mg) [5b]. Fraction eluted with n-hexane/EtOAc (50:1) was separated by HPLC (normal phase, n-hexane/ EtOAc, 10:1) to yield 5 (2.4 mg) [2] .
Bioassay: Gametes of S. intermedius and the fertilization of the sea urchin eggs were prepared as described earlier [8c] . The development of the sea urchin embryos was examined under light microscope. The substances studied were dissolved in DMSO at the concentration of 2 mg/mL and diluted in sea water to required concentrations before adding to the suspension of the embryos. In control probes, 10% DMSO was added to the sea water to achieve corresponding concentration. To study DNA and RNA biosynthesis, [ 3 Н]-thymidine or [ 3 Н]-uridine were added to a suspension of embryos treated by tested compounds. The incubation of the sea urchin embryos with radioactively labeled precursors [ 3 Н]-thymidine and [ 3 Н]-uridine and tested compounds was carried out as described earlier [12] . The thymidine kinase from the sea urchin eggs was isolated as described in [10a] . All experiments were performed in triplicates.
